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CHAPTER 1 
 
 
 
 
INTRODUCTION 
 
 
 
 
1.1 Introduction 
 
 
The ball-balancer, or cart-ball system, demonstrates some basic concepts in 
control since it is nonlinear, multivariable and non-minimum phase. The control 
objective is to balance the ball on the top of the arc and at the same time place the cart in 
the desire position. It is basically an inverted pendulum problem with little difference in 
term of its physical configuration.  
 
 
The whole system is needed to be modeled first by using a state space equation. 
It has been found that this system results a non linear model. From this nonlinear model, 
the linearization process has to be done. After the linearized model has been acquired, 
the next task to do is to control the cart-ball system until it become stable. 
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In this project, the main task is to control the angular deviationϕ  from the 
vertical of the ball and the position of the cart y . If the angular deviation ϕ and cart 
position y is equal is equal to the set point, it can be concluded that the designed 
controller is successful in controlling the ball angular deviation ϕ  and cart position 
y system become stable. In this project, there are 2 types of controllers that have been 
used. First, it is the Pole Placement technique and another one is Fuzzy Logic Controller. 
 
 
 The performance of both controllers in controlling the cart-ball system is 
evaluated through extensive computer simulation using MATLAB/SIMULINK  
 
 
1.2 Objective of the project 
 
 
 The objectives of this project are as follows: 
 
(i) To formulate the complete state-space representation of Cart-Ball System. 
(ii) To design a controller using Fuzzy Logic approach. 
(iii) To compare the performance of the Fuzzy Logic Controller with the pole 
placement technique via simulation result.  
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1.3 Scope of Project 
 
 
The work undertaken in this project is limited to the following aspects: 
 
(i). The nonlinear mathematical model of cart-ball system based on Jan Jantzen [1] 
and the linear mathematical model is derived afterwards. 
(ii). Simulation work using MATLAB/SIMULINK as a platform to prove the 
 effectiveness of the both designed controller. 
(iii). Comparative study between the Fuzzy Logic Controller and pole placement 
technique will be done. 
 
 
1.4 Research Methodology 
 
 
The research work undertaken in the following five development stages: 
 
(i) The development of linear mathematical model for cart-ball system. 
(ii) The design of controller base on pole placement technique. 
(iii) The design of Fuzzy Logic Controller. 
(iv) Perform simulation using MATLAB/SIMULINK for pole placement and Fuzzy 
Logic Controller. 
(v) Comparative study of both controllers is done. 
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1.5 Layout of Thesis 
 
 
This thesis contains six chapters.  Chapter 2 contains a brief introduction of cart-
ball system. The derivation of the mathematical model, which is a nonlinear model of 
the cart-ball system, is also presented. The linear mathematical model of the system is 
derived and then transforms into the state space representations. 
 
 
Chapter 3 presents the brief introduction of pole placement technique. 
 
  
Chapter 4 presents the brief introduction of fuzzy logic controller.  
 
 
Chapter 5 presents both the results of pole placement technique and fuzzy logic 
controller. For every controller there will be two graphs presented. The first one is the 
ball angular deviation and the other one is the cart position. At the end of this chapter, 
the comparison between the pole placement technique and fuzzy logic controller is done.  
 
 
Chapter 6 presents the analysis and discussions about the results obtained in the 
previous chapter.   
 
    
Chapter 7 concludes the work undertaken, suggestions for future work are also 
presented in this chapter. 
 
 
 
 
